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ABSTRACT 
The Importance of Cover for Juvenile Rainbow Trout in Lentic 
Systems: Field Observations and an 
Experimental Study on Predation 
by 
Roger Allen Tabor, Master of Science 
Utah State University, 1990 
Major Professor: Dr. Wayne A. Wurtsbaugh 
Department: Fisheries and Wildlife 
Juvenile rainbow trout Oncorhynchus mykiss stocked into 
mid-elevation reservoirs in Utah are vulnerable to predation 
from piscivorous fish and birds. I determined how 
effectively juvenile trout used cover to avoid these 
predators by (1) direct observations (snorkel transects) of 
habitat selection in two reservoirs and (2) measurements of 
survival and growth rates in a pond experiment where adult 
brown trout Salmo trutta were predators. Observations of 
juvenile trout were conducted within five weeks of stocking 
in 1988 and 1989. During the day, juvenile trout were 
abundant in complex inshore habitats and avoided simple 
habitats such as sand and gravel. Measurements of gut 
fullness indicated that juvenile trout fed during the day 
but not during the night. Large Daphnia comprised more than 
95% of the diet of juvenile trout. Because large Daphnia 
were often higher offshore than inshore in both reservoirs, 
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selection of inshore cover is believed to be primarily a 
response to reduce predation risk. At night, trout in both 
reservoirs selected more exposed areas and rested on the 
bottom. In the pond experiment, the presence of brown trout 
significantly increased mortality of juvenile trout, 
decreased their growth rates, and caused them to avoid 
offshore areas. The presence of cover significantly 




To avoid predation, fish often move to structurally 
complex habitats, where predators can not forage effectively 
(Glass 1971; Savino and Stein 1982; Werner and Hall 1988). 
Because of this, complex habitats that provide cover are 
often important nursery areas for the young of many fish 
species (Hall and Werner 1977; Orth et al. 1984; Lowe-
McConnell 1987), and this cover may significantly increase 
the survival of juvenile fish (Aggus and Elliot 1975; Werner 
and Hall 1988). In lentic systems, juvenile fish often 
require structurally complex habitats such as aquatic 
macrophyte beds (Hall and Werner 1977; Mittelbach 1986), 
inundated vegetation (Aggus and Elliot 1975), and large 
boulders (Trendall 1988). 
Wild populations of lake-dwelling rainbow trout 
Oncorhynchus mykiss normally have nursery areas in small 
streams and emigrate to lakes after growing for one to three 
years in the streams (i.e., Kwain 1983). In contrast, 
juvenile rainbow trout stocked directly into lakes or 
reservoirs must contend immediately with lacustrine 
predators. These juvenile fish frequently inhabit the 
littoral zones until they reach lengths of 100-120 mm SL 
before moving offshore to the pelagic zones (Wurtsbaugh and 
Tabor 1988). 
Although many diurnally active fish in temperate lakes 
inhabit complex habitats, most of these fish shift from a 
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daytime feeding area near cover to resting on the bottom at 
night in relatively exposed locations (Emery 1973; Helfman 
1981). Others have a strong affinity for shelter sites at 
night (Helfman 1981). In many reservoirs adult brown trout 
Salmo trutta are both nocturnally active (Eriksson 1978; 
Oswald 1978) and important predators of juvenile trout 
(Sharpe 1957; Stuber et al. 1985; Wurtsbaugh 1986). Because 
of the presence of nocturnal brown trout as well as diurnal 
predators (i.e., piscivorous birds and other adult trout), 
juvenile trout may select habitats which provide cover both 
day and night. 
Little is known, however, about the use of cover by 
juvenile rainbow trout in lentic systems or their ability to 
use cover effectively. To estimate the importance of cover, 
I measured day and night habitat selection of juvenile 
rainbow trout in two Utah reservoirs and experimentally 
tested whether cover allows juvenile trout to avoid 




I studied the behavior of juvenile rainbow trout in two 
northern mid-elevation Utah reservoirs. East Canyon 
Reservoir is a 277-hectare impoundment located at 40°54'20"N 
and 111°35'20" at an elevation of 1,734 m. It has a mean 
depth of 23 m and a 16-km shoreline. The littoral zone is 
composed primarily of small substrates (1-20 mm) such as 
sand and gravel. There are some patches of boulders and 
inundated vegetation but few aquatic macrophytes. East 
Canyon Reservoir is meso-eutrophic, with an abundant 
population of large Daphnia that provides sufficient forage 
for juvenile trout to grow at or near their maximal rate 
(Marine et al. 1986). The Utah Division of Wildlife 
Resources stocks the reservoir each spring with 300,000 
rainbow trout with a mean weight near 6 g and mean standard 
length (SL) near 70 mm. For the first two months after 
stocking, the juvenile trout are preyed on by adult brown 
trout, cutthroat trout~ clarki, and rainbow trout 
(Wurtsbaugh 1986). Juvenile trout are also vulnerable to 
predation by several species of piscivorous birds that 
frequent the reservoir (predominantly western grebe 
Aechmophorus occidentalis, Forster's tern Sterna forsteri, 
and common merganser Mergus merganser; Wurtsbaugh 1986). 
Redside shiners Richardsonius balteatus are the most 
numerous fish in this reservoir and are also important 
forage for adult trout (Tabor and Wurtsbaugh unpublished 
data). Kokanee salmon~ nerka, Utah sucker Catostomus 
ardens, speckled dace Rhinichthys osculus, and fathead 
minnow Pimephales promelas are also present in the 
reservoir. 
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Causey Reservoir, the second field site, has an area of 
58 ha. This mesotrophic reservoir is at 41°17 1 55 11N and 
lll 0 35'13"W at an elevation of 1,735 m, has a mean depth of 
20 m, and a 11.8-km shoreline. The littoral zone is similar 
to East Canyon Reservoir except that there are more medium-
sized substrates such as cobble. Due to the steepness of 
its shore, the littoral zone is generally smaller than at 
East Canyon Reservoir. Zooplankton is abundant, but 
densities of large Daphnia are usually lower than in East 
Canyon Reservoir. The Utah Division of Wildlife Resources 
has stocked a variety of salmonids in the reservoir, but 
during the two years of this study only juvenile rainbow 
trout were stocked. In 1988, 30,000 3.2-g (ca. 60 mm SL) 
trout and 22,300 8.2-g (77 mm SL) trout were stocked on June 
6th. In 1989, 61,000 5.7-g (70 mm SL) trout were stocked 
on May 15. In Causey Reservoir juvenile trout are 
vulnerable to adult brown, cutthroat, and brook trout 
Salvelinus fontinalis (Wurtsbaugh and Tabor 1989). However, 
unlike at East Canyon Reservoir, few piscivorous birds have 
been observed at Causey Reservoir (Appendix F). The only 
other fish species known to occur in Causey Reservoir, 
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mottled sculpin Cottus bairdi, is also forage for adult 
trout. 
Habitat selection was determined through direct 
observation along shoreline transects. Sampling began one 
week after the fish were stocked to allow them to acclimate 
and disperse away from the stocking site. All transects 
were completed within five weeks of stocking when the fish 
ranged from approximately 60 to 120 mm standard length. 
Because planted trout dispersed slowly around the 
reservoirs, transects were only done along portions of the 
reservoir shoreline nearest the stocking site (48% in East 
Canyon Reservoir and 36% in Causey Reservoir) . Within these 
sampling areas, locations of individual transects were 
chosen by randomly selecting shoreline sections from a map. 
At the beginning of the study in 1988, 30-m transects were 
used in East Canyon Reservoir, but subsequently 100-m 
transects were used to increase sample sizes. Forty-three 
transects (27 in 1988, 16 in 1989) were done in East Canyon 
Reservoir, and 44 transects (22 in 1988 and 22 in 1989) were 
done in Causey Reservoir. Sixty-five percent of the 
transects were done during day and 35% at night. 
Observations of juvenile trout and their habitats were 
made by a swimmer, equipped with snorkel and mask, swimming 
at the surface and parallel to the shore, where the depth 
was 1.5 m. Because earlier transects (using SCUBA 
equipment) were done at depths of 2.5 and 6 m and no 
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juvenile trout were seen, only surface transects were swum 
in 1988 and 1989. The distance of the transects from the 
shore varied between 1 and 6 m due to differences in slope. 
The depth surveyed ranged from the surface to about 2.5 m, 
depending on water clarity. Trout located beneath the 
swimmer and between the swimmer and shore could easily be 
counted, unless they were located under a rock. Trout 
located more than 3-4 m offshore from the swimmer were 
probably not seen. At night, observations were done with an 
underwater flashlight. Juvenile trout were observed on the 
periphery of the light beam, where their behavior did not 
appear to be affected. The length of each transect was 
measured by a swimmer tied to one end of a 30 or 100 m rope, 
with the other end attached to an anchored boat. Each 
transect was completed when the rope became taut. 
Observations consisted of counting fish and noting the 
closest habitat type for each fish. Other behaviors 
observed included schooling activity, feeding activity, and 
distance from substrate. 
Habitat characteristics were measured by the swimmer 
while swimming back to the boat. At every mark on the 
measuring rope (5 m for 100-m transects, 2 m for 30-m 
transects) the percentages of different habitat types within 
a 1-m-diameter circle were estimated. Habitat was 
classified into seven categories: bedrock, sand/mud 
(sediment size <2 mm), gravel (2-20 mm), cobble (20-200 mm), 
small boulders (200-500 mm), large boulders (>500 mm), and 
inundated vegetation. Selectivity for each substrate type 
was calculated using Manly's a (Manly 1974): 
a -i - __!:iLll i-
k 




ri = proportion of fish associated with habitat i, 
ni = proportion of habitat type i in the environment, 
k = total number of habitat categories. 
Random use of habitat types occurs when Qi = 1/k. 
Significant differences of habitat selection within time 
periods were tested with a chi-square goodness-of-fit test 
(Manly 1974). 
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Abundance of Daphnia was estimated at both reservoirs 
in 1989 . Zooplankton was collected periodically for two 
months after trout stocking. Vertical zooplankton tows were 
done near the stocking sites with a JO-cm-diameter plankton 
net (153-µm mesh). Inshore samples were taken from the 
bottom to the surface at places where the depth was 1.5 m (~ 
2 to 3 m from shore). This depth represents the approximate 
mean depth where juvenile trout were observed during 
shoreline transects in the littoral zone. In Causey 
Reservoir, the offshore site was at a depth of 10 m (~ 20 m 
from shore). In East Canyon Reservoir, which is much wider 
than Causey Reservoir, offshore sites were at depths of 
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10 m and 45 m (~ 20 and 200 m from shore). Daphnia biomass 
at the offshore sites was a measure of food available to 
juvenile trout if they inhabited the pelagic zone. Only the 
upper 5 m were sampled at the offshore sites because trout 
were located primarily in the epilimnion when they were 
offshore. Two or three replicate samples were taken on each 
date at each site. The zooplankton was identified and 
enumerated. The first 50-100 Daphnia encountered in each 
sample were measured to the nearest 0.03 mm from the top of 
the head to the base of the tail spine with an ocular 
micrometer. Food available to juvenile trout was estimated 
from the biomass of Daphnia ~ 1.0 mm in length (93% of 
daphnids found in juvenile trout stomachs were~ 1.0 mm). 
Dry weights (W; mg) of individual daphnids were calculated 
from lengths (L; mm) with formulas adapted from McCauley 
(1984): 1) !h galeata, ln W = -4.83 + 2.53 ln L; 2) !h 
schodleri and !h pulex, ln W = -5.04 + 2.83 ln L. 
In 1989, diel cycles of gut fullness were determined in 
each reservoir after the fish had been present for 7-10 d 
and again after 17-21 d. Ten to twelve juvenile trout were 
sampled approximately every 3 h for 24 h. All fish were 
sampled within 10 m of shore, near the stocking site. At 
East Canyon Reservoir trout were collected with either boat-
mounted electrofishing gear or a 23-m beach seine (5-mm sq 
mesh). At Causey Reservoir, trout were collected during the 
day by setting gill nets (13- and 10-mm sq mesh) for 5-10 
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min periods. At night, either a 23-m beach seine or a dip 
net was used. Within 5-20 min of capture, fish were 
immobilized with tricain methane sulfonate (MS-222), weighed 
to the nearest 0.1 g, and measured to the nearest 
millimeter. Stomachs were removed and placed in 95% ethyl 
alcohol. At the laboratory, stomach contents were removed, 
visually inspected to estimate the relative volumetric 
composition of prey taxa, dried for 18 h, and weighed to the 
nearest 0.0001 g. A gut-fullness index (GFI) was calculated 
as: 
GFI = 100,000 [dry wt. of stomach contents (mg)) 
[fish standard length (mm) J 3 · 05 
The exponent 3.05 was empirically derived from the length-
weight regression of juvenile rainbow trout in both 
reservoirs. 
Pond Experiment 
The importance of cover for the survival of juvenile 
rainbow trout was investigated with a pond experiment in 
June, 1988. The study site was a privately owned pond in 
Wellsville, Utah. The pond was circular with a flat bottom 
and a maximum depth of 1.4 m. After the pond was dried, and 
all vegetation and debris were removed, it was divided with 
small mesh netting (2.5 min height and 7-mm sq mesh) into 
eight equal pie-shaped sections, each with an area of 200 
m2 • A continual flow of water was maintained with four 
inlet pipes placed evenly around the pond. Each section 
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received a water flow of approximately 30 L/min. Surface 
temperatures in the pond ranged from 15°C at the start to 
21.5°C at the end of the experiment. The bottom temperature 
was 17°C at the end of the experiment. These temperatures 
were near the preferred temperature range of juvenile 
rainbow trout in East Canyon Reservoir (16-20°C; w. 
Wurtsbaugh, Utah State Univ., unpublished data). 
The survival, growth, and behavior of juvenile trout 
was tested in a 2 X 2 factorial design, with the presence 
and absence of both predators and cover as the treatments. 
Each treatment was duplicated and assigned randomly to 
sections of the pond. To simulate complex habitats 
available in the two reservoirs, three types of cover were 
used 1) 250 wooden stakes (1.0 and 0.5 m high) placed in a 
grid 4 to 6 cm apart, 2) 30 cement cinder blocks stacked in 
a loose rectangular configuration, and 3) 12 inverted 
laundry baskets (0.1 m3 ) with 4-cm sq mesh. The total area 
of cover within each pond section was approximately 16 m2 • 
Cover extended from nearshore (0.5 m depth) to a depth of 
1.2 m, to insure cover was available where preferred 
temperatures were located. 
All experimental fish were obtained from the Utah 
Division of Wildlife Resources fish hatcheries. Brown trout 
(295-420 mm SL) from hatchery brood stock were used as 
predators. Brown trout are generally considered to become 
piscivorous at lengths greater than 250 mm SL (Scott and 
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Crossman 1973; Garman and Nielsen 1982). For two weeks 
before the experiments began, the brown trout were held in a 
raceway and fed juvenile trout. 
At the start of the experiment, 180 juvenile rainbow 
trout were put in each section. Groups of 20 to 50 trout 
were counted and stocked sequentially around the pond to 
each section. To estimate the initial mean weight of trout 
in the experiment, 20% of the fish from each group were 
randomly selected and weighed to the nearest 0.1 g. The 
estimated mean individual weight of juvenile trout was 4.2 g 
and ranged from 3-7 g. The following day adult brown trout 
were weighed and 11 fish were stocked into four sections 
such that each section received similar sizes of fish. The 
mean weight of brown trout was 875 g and ranged from 410 to 
1680 g. Total predator weight, for each section, was within 
5% of the other sections. 
Behavioral observations were done during the main 
experiment and a preliminary experiment. Fish were observed 
from shore with binoculars equipped with polarized filters. 
The location of juvenile trout was determined before and 
after the addition of brown trout predators. Fish that were 
visible near the surface were divided into the percent 
within 3 m of shore (inshore) and percent greater than 3 m 
from shore (offshore). If fish were located offshore in 
water deeper than approximately 35 cm, they could not be 
observed. For each section, observations were taken seven 
12 
times at various times during daylight. 
After 10 d, the pond was partially drained and brown 
trout were removed with a large-mesh seine. The pond was 
then drained further until a small-mesh net could be used to 
remove the majority of juvenile trout. Finally, the pond 
was completely drained to collect the remaining fish. The 
rainbow trout removed from the pond were counted and 50 from 
each section were randomly selected and weighed. During the 
final draining of the pond a few juvenile trout escaped from 
one section. The total number of fish remaining in this 
section was estimated by adding the number of juvenile trout 
captured with the seine to the number of fish estimated to 
have avoided the seine net (based on the mean seining 
efficiency rate of 81% in the other sections). Percent of 
fish captured with the seine net in the other sections 
ranged from 64-95%. 
Growth and mortality were analyzed with a two-way 
analysis of variance. Growth was measured as the percent 
increase in weight. Mortality was measured as the number of 




During the day, juvenile rainbow trout that were in the 
littoral zone of both reservoirs occupied habitat types in a 
non-random pattern (Causey Reservoir, df = 6, x2 = 1113.9, P 
<.001; East Canyon Reservoir, df = 6, x2 = 892.1, P <.001). 
Juvenile trout appeared to select the most structurally 
complex habitats: large boulders, inundated vegetation, and 
small boulders, while other substrates such as sand and 
gravel were avoided (Fig. lA,B; Appendix A). Although 
boulders and inundated vegetation combined made up 
approximately 20% of the nearshore habitat, most of it was 
scattered along the shore in small patches and was not used 
by juvenile trout. Juvenile trout preferred to be on the 
offshore side of large patches of boulders, inundated 
willows Salix sp., and fallen trees. 
During the day, juvenile rainbow trout were observed 
between a few centimeters to 2 m above the substrate. 
Usually juvenile trout were observed in schools by 
themselves or occasionally in schools with redside shiners. 
Fish near cover were usually in loose aggregations and not 
strongly oriented to one another. When fish were seen away 
from cover, they were usually in schools of more than 30 
fish and appeared to be strongly oriented to one another. 
In both reservoirs, nighttime habitat of juvenile 
rainbow trout changed from that in the daytime. Juvenile 
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Figure 1. Mean (+ 1 SE) selectivity values (Manly's a) for 
habitat types used by juvenile rainbow trout during the day 
(A,B) and night (C,D) in East Canyon Reservoir (19-25 May 
1988 and 16-31 May 1989) and Causey Reservoir (17 June - 12 
July 1988 and 31 May - 19 June 1989), Utah. Habitat 
complexity increases from left to right; sand (S); gravel 
(G); cobble (C); bedrock (BR); small boulders (SB); large 
boulders (LB); inundated vegetation (V). Number of trout 
sampled is also indicated. 
trout no longer strongly selected structurally complex 
habitats, but were often found in exposed areas such as 
sand, gravel, and cobble (Fig. lC,D). Juvenile trout 
occupied habitat types in a non-random pattern (Causey 
Reservoir, df = 6, x2 = 112.3, P <.001; East Canyon 
Reservoir, df = 6, x2 = 23.3, P <.001). Only bedrock, 
possibly due to its steep slope, appeared to be strongly 
avoided. Trout observed at night had moved from the water 
column to within 10 cm of the substrate. They were easily 
approached and motionless or "resting''· No feeding or 
schooling activity was detected. Juvenile trout often 
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appeared to be distributed evenly along the transects. For 
example, at Causey Reservoir, along a 200-m shoreline 
section (composed primarily of gravel and cobble except a 
10-m section of large boulders) 290 juvenile trout were 
distributed along the entire section at night. In contrast, 
during the day 305 trout were observed along the same 
section (swum 36 h earlier) but all were located within the 
narrow section of large boulders. 
In both reservoirs, the abundance of Daphnia in the 
littoral zone was low when trout were stocked but numbers 
increased greatly within 1-2 weeks. Daphnia offshore were 
usually larger and accounted for more biomass than Daphnia 
found inshore (Fig 2, 3; Appendix C, D). Except for a 
spring bloom of large Daphnia close to shore, mean biomass 
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Figure 2. Biomass (± 1 SE} and mean length (± 1 SE) of 
Daphnia collected with vertical zooplankton hauls in Causey 
Reservoir, 1989. Biomass represents dry weight of Daphnia 
~ 1.0 mm. Mean and standard errors were calculated from two 
to three samples taken at the same site. At the 2-m site 
samples were taken from 0-1.5 m and at the 20-m site the top 
5 m was sampled. Arrows indicate juvenile trout stocking 
dates. 
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Figure 3. Biomass (± 1 SE) and mean length (± 1 SE) of 
Daphnia collected with vertical zooplankton hauls in East 
Canyon Reservoir, 1989. Biomass represents dry weight of 
Daphnia ~ 1.0 mm. Mean and standard errors were calculated 
from two to three samples taken at the same site. At the 
3-m site, samples were taken from 0-1.5 m. At the 20-m and 
200-rn sites the top 5 m were sampled. Arrows indicate 
juvenile trout stocking dates. 
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the shallow littoral zone of Causey Reservoir (Fig. 2). In 
East Canyon Reservoir, abundance of large Daphnia was often 
much higher 20-200 m offshore (Fig. 3), but wind events 
appeared to bring large Daphnia close to shore. For 
example, at another sampling site in East Canyon Reservoir, 
biomass of Daphnia (~ 1.0 mm) inshore was 6.5 times greater 
than Daphnia 50 m offshore on 30 May after sustained onshore 
afternoon winds. Ten days later (June 9), with calm 
weather, few large Daphnia were inshore and biomass was 19 
times greater offshore. 
Underwater observations, as well as stomach samples, 
demonstrated that juvenile trout were actively feeding 
during the day . During the diel sampling periods, Daphnia 
(primarily !h pulex and !h galeata) made up >99% and 96% of 
the diet volume of juvenile trout in East Canyon and Causey 
Reservoir, respectively. Gut fullness decreased at night, 
with the lowest levels occurring around dawn (Fig. 4; 
Appendix E). In Causey Reservoir, fish began feeding at 
dawn and gut fullness did not peak until the late afternoon 
at 1900 hon both sampling days (Fig. 4A). Although gut 
fullness of East Canyon Reservoir trout was variable between 
the two sampling periods (Fig. 4B), feeding occurred mostly 
during the day with gut fullness declining throughout the 
night. 
Peaks in gut fullness in East Canyon Reservoir appeared 
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Figure 4. Diel changes in gut fullness of juvenile rainbow 
trout in Causey (A) and East Canyon Reservoir (B) during 
their second and third weeks after stocking in 1989. Time 
of day is given in Daylight Saving Time. Daytime 
temperatures at 1-m depth during each period are given in 
parentheses. Two wind events occurred during the sampling 
at East Canyon Reservoir: on May 9 from 1700 to 1730 hand 
on May 18 from 0900 to 1900 h. Mean standard length of 
juvenile trout for each diel sample was A) Causey 
Reservoir: 25-26 May, 78 mm; 7-8 June, 89 mm; B) East 
Canyon Reservoir: 9-10 May, 71 mm; 18-19, May 76 mm. All 
fish were sampled within 10 m of shore, near the stocking 
site. Error bars indicate± 1 SE of the mean. 
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0.7 m waves at the sampling station. On 9 May a wind storm 
occurred from 1700 to 1730 h. Mean GFI of juvenile trout 
increased from 2.1, before the storm, to 5.8 after the 
storm. Juvenile trout switched from eating small Daphnia 
(mean length= 1.2 mm), before the storm, to eating large 
Daphnia (mean length= 2.2 mm) when sampled 30 min after the 
winds subsided. The difference in weight of individual 
Daphnia between these two groups was over seven fold. On 18 
May, strong winds started during mid morning at 
approximately 0900 h, before I started sampling, slowly 
subsided in the late afternoon, and became calm at dusk. 
Peak gut fullness may have occurred before my sampling. 
During the remainder of May 18, gut fullness slowly 
decreased and was close to zero by dawn the following day. 
Shortly after dawn gut fullness increased rapidly, peaking 
at 0910 h. The reservoir was calm on the morning of May 19 
but unusually high concentrations of zooplankton were 
observed at the sampling station. The wind storm the 
preceding day may have moved the large offshore Daphnia into 
the littoral zone. 
Pond Experiment 
At the end of the experiment, all brown trout were 
recovered and appeared in good condition. Predaceous brown 
trout had a highly significant effect on the mortality of 
juvenile trout {p < .001; 2-way ANOVA, Table 1). The 
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Table 1. Results of two-way analyses of variance on the 
effects of the presence and absence of brown trout predators 
and cover on the growth (% increase in weight) and mortality 
(number lost) of juvenile rainbow trout in a partitioned 
pond experiment. 
MORTALITY 
Source of Variation df ss MS F-stat. p 
Among subgroups 3 4302.4 1434.1 
Predator 1 4095.1 4095.1 574.8 <.001 
Cover 1 171.1 171.1 24.0 .008 
Interaction 1 36 . 1 36.1 5.1 .09 
Within groups ( error) 4 28.5 7.1 
GROWTH 
Source of Variation df ss MS F-stat. p 
Among subgroups 3 1222.8 407.6 
Predator 1 1128.1 1128.1 14.2 .02 
Cover 1 27.4 27.4 0.3 .59 
Interaction 1 67.3 67.3 0.8 .41 
Within groups (error) 4 317.0 79.3 
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presence of brown trout increased mortality approximately 
six-fold (Fig. 5). The presence of cover also had a 
significant effect on the mortality rates of juvenile trout 
(p = .008; 2 way-ANOVA). For predator treatments the 
probability of mortality was 34% lower in sections with 
cover than in sections without cover. The interaction of 
cover and predators on trout mortality was marginally 
significant (P = .09; Table 1). 
Predation rates for all sections were generally lower 
than anticipated. Each brown trout consumed an average of 
only 0.41 trout per day or approximately 0.3% of their body 
weight. Some cover may have been created at the net margins 
and consequently may have lowered predation rates. Although 
the brown trout were observed chasing juvenile trout on 
several occasions, brown trout had been habituated to eating 
pellets at the hatchery. Their limited training with forage 
fish before the experiment was probably insufficient for 
them to learn how to effectively pursue and capture prey. 
The presence of brown trout predators had a significant 
effect on growth of juvenile trout (p = .02; 2 way-ANOVA, 
Table 1) but the effects of cover, and the interaction of 
cover and predators were not significant (p = .59; p = .41, 
respectively). Nevertheless, growth of juvenile trout in 
this experiment was rapid in all sections (Fig. 6; mean= 
6.2%/d; instantaneous growth rates, Chapman 1978). High 
growth rates presumably resulted from high food abundance 
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Figure 5. Effects of brown trout predators and cover on the 
mortality (number of juvenile trout lost during the 
experiment) of juvenile rainbow trout during an 11-d pond 
experiment (3-13 June 1988). The upper ranges of duplicate 


















COVER NO COVER COVER NO COVER 
- PREDATOR - - NO PREDATOR -
Figure 6. Effects of brown trout predators and co v er on t h e 
growth (percent increase in weight) of juvenile rainbo w 
trout during an 11-d pond experiment (3-13 June 1988). The 
upper ra nges of duplicate samples are indicated by the 
v ertical bars. 
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(large numbers of adult chironomids were observed on the 
water surface). 
The daytime visual observations indicated that brown 
trout predators had a significant effect on the distribution 
of juvenile rainbow trout (P < .001; Wilcoxon rank sum 
test). In sections without predators, juvenile trout were 
actively feeding at the surface throughout the pond section 
and only 22% (± 1 SE 5%) of observed trout were inshore. In 
sections with predators, little feeding activity was 
detected and 96% (± 1 SE 4%) of observed juvenile trout were 
inshore, whether or not cover was available. 
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DISCUSSION 
The distribution and behavior of juvenile rainbow trout 
in both reservoirs were consistent with the foraging return-
predation risk hypothesis of Sih (1980). Juvenile trout 
were often near cover during the day. Diurnal predators 
(cutthroat trout and piscivorous birds) were present in both 
reservoirs and were observed pursuing juvenile trout. 
Because the abundance of large Daphnia was often higher 
offshore than inshore in both reservoirs (Fig. 2, 3), 
selection of inshore cover is believed to be primarily a 
response to lessen predation risk. Therefore, juvenile 
trout may face tradeoffs between foraging in risky offshore 
areas or foraging inshore, where food levels are lower but 
predation risk is low. Research with bluegill Lepomis 
macrochirus (Werner et al. 1983), blacksmith Chromis 
punctipinnis (Bray 1981), and wrasse Pseudolabrus celidotus 
(Jones 1984), have also demonstrated that juvenile fish 
inhabit areas which do not maximize energy return for 
foraging but provide sufficient cover from predators. 
In the pond experiment the distribution, growth, and 
mortality of juvenile trout were also consistent with the 
foraging return-predation risk hypothesis. Juvenile trout 
appeared to face tradeoffs between constantly foraging 
throughout the pond and remaining in protective areas to 
lower risk of predation. Although I was unable to observe 
the behavior of all juvenile trout, there was a conspicuous 
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difference between predator and non-predator treatments in 
the distribution and foraging behavior of the juvenile trout 
observed. The change in the foraging behavior and decreased 
growth rates of juvenile trout, due to the presence of brown 
trout, suggests that predators may influence trout food 
intake. A reduction of food intake, due to the presence of 
predators, has been demonstrated in other fish (Power et al. 
1985, Schmitt and Holbrook 1985). 
Because predators influence foraging time and food 
intake of small fish, growth of prey populations can also be 
affected (Mittelbach 1986). Even though food appeared to be 
abundant in the pond experiment, the presence of brown trout 
reduced growth rates by 16%. Likewise, the presence of 
largemouth bass Micropterus salmoides has been shown to 
significantly reduce the growth of juvenile bluegills 
(Werner et al. 1983). If growth rates are reduced, juvenile 
fish will spend more time vulnerable to predators and 
survivorship could be reduced. Growth rates and 
survivorship have been shown to be positively correlated in 
some fish. Even a small reduction in growth can have a 
large effect on survivorship, especially if survivorship is 
already low (Werner et al. 1983). In both reservoirs, 
zooplankton levels were relatively high in comparison to 
other times of the year and other reservoirs (W. Wurtsbaugh, 
Utah state Univ., unpublished data}. Trout grew rapidly and 
were vulnerable to most predators for only about two months. 
In other systems, where growth of trout is slower and 
predators are abundant, juvenile trout could be restricted 
to the inshore area for an extended period of time. 
Survival of juvenile trout may then be too low to make 
stocking small trout(~ 70 mm SL) economically feasible. 
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The occurrence of schooling by juvenile trout, in both 
field observations and the pond experiment, also appeared to 
be influenced by predators and the proximity of cover. 
Trout near inundated vegetation and sometimes near large 
boulders were often numerous but they did not appear to be 
strongly oriented to one another. In contrast, trout above 
small boulders, cobble, and less complex habitats were 
usually schooled. In the pond experiment, schooling 
appeared to be more pronounced in sections with predators 
when cover was absent. Thus, schooling may indicate a 
shortage of complex habitats (i.e. large patches of 
inundated vegetation and large boulders). Savino and Stein 
(1982) found that the frequency of schooling for juvenile 
bluegill decreased with habitat complexity if largemouth 
bass were present. In other juvenile fish, schooling 
activity has also been increased by the presence of 
predators (for reviews see Shaw 1978; Pitcher 1986). 
Schooling fish lessen predation risk by predator detection, 
evasion, and confusion (Godin 1986). 
The analysis of diel feeding cycles of juvenile rainbow 
trout indicated there was one major feeding period during 
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the daytime, but the timing of this period was variable and 
influenced by wind events. In Causey Reservoir, where 
little wind was observed, peaks in gut fullness occurred in 
the evening on both sampling dates. In contrast, peak 
feeding in East Canyon Reservoir appeared to occur during 
wind storms, which generated large waves at the sampling 
site. Based on visual observations and zooplankton samples 
at another site, abundant offshore Daphnia were moved close 
to shore during wind events. Werner and Hall (1988) 
suggested that juvenile bluegill diets occasionally changed 
when~ galeata were moved close to shore by wind events. 
George and Edwards (1976) proposed that zooplankton which 
prefer surface water will be moved down-wind and will 
accumulate at the end of the lake. Daytime vertical 
profiles of zooplankton abundance from East Canyon Reservoir 
i ndicated the majority of Daphnia were within the top 5 m 
( R. Tabor, unpublished data). After winds subside, Daphnia 
are capable of moving horizontally back to pelagic areas 
{Siebeck 1980). Wave action also increased turbidity in the 
i n3hore area. Activity of piscivorous birds (western grebe 
ani Forster's tern) was greatly reduced during the storms. 
Th:refore, increased turbidity and lower predator activity, 
to1ether with higher food availability, probably produced a 
nnor e profitable time to forage. 
At night, juvenile rainbow trout in both reservoirs 
re;ted in exposed areas in a manner similar to other 
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diurnally active freshwater fish (Emery 1973; Helfman 1981). 
Emery (1973) suggested that fish were in exposed positions 
at night because shelter sites were scarce. In both 
reservoirs, however, complex habitats had few fish at night; 
so there was apparently no shortage of shelter sites. An 
alternative explanation proposed by Helfman (1981) is that 
temperate freshwater systems generally lack abundant 
nocturnal predators; thus, prey have little need to seek 
cover. Although large predaceous brown trout were present 
in both reservoirs, they were not abundant. Brown trout are 
capable of foraging under moonlight and starlight conditions 
(Oswald 1978; Robinson and Tash 1979). However, the times 
when brown trout fed most intensively in the study 
reservoirs is unknown. In a preliminary laboratory 
experiment, juvenile trout used cover extensively at night 
when a brown trout predator was present, but were in exposed 
areas at night when a diurnally active, adult rainbow trout 
was present. This suggests that juvenile rainbow trout use 
cover extensively when abundant predators are active. Other 
studies have shown that prey occupy habitats of greater 
complexity during periods when predators are most active 
(Hobson 1972; stein 1979). 
In lentic systems, where juvenile rainbow trout are 
stocked, the augmentation of cover should be considered as a 
management tool. Inundated vegetation and boulders are 
particularly valuable habitats; thus, their addition may be 
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beneficial. Leaving some inundated trees in new reservoirs 
may help in this regard. Similarly, Brouha and von Geldern 
(1979) suggested revegetating drawdown zones of western 
r eservoirs with willows to provide cover for juvenile 
centrarchid fishes. Stocking fish when the reservoir is at 
its highest level will usually maximize the amount of 
available cover because the high-water level often has more 
vegetation and structural complexity than deeper parts where 
sediments accumulate. For example, in East Canyon 
Reservoir, inundated vegetation comprised 4% of the 
nearshore habitat in 1988 (low water year) and 12% in 1989 
when water levels were higher. Other studies have shown 
increases in recruitment of fishes when reservoirs or lakes 
have risen and inundated large areas of shoreline (Aggus and 
Elliot 1975; Keith 1975; Bayley 1977). 
An important consideration for fishery managers is how 
much habitat structure is needed and how dense it must be to 
increase juvenile trout survival. In my pond experiment, 
dense cover made up ~10% of the total surface area of the 
pond and mortality was significantly reduced. In both 
reservoirs, dense cover such as boulders and inundated 
vegetation made up ~20% of the shoreline habitat. The 
amount of cover in the reservoirs may have increased trout 
survival, but even higher survival may be expected if cover 
were more abundant. Durocher et al. (1984) found a highly 
significant positive relationship between percent submerged 
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vegetation (up to 20% of the total lake surface) and 
recruitment of largemouth bass. Gotceitas and Colgan (1989) 
proposed that a certain threshold level of complexity 
(density of aquatic macrophytes) is necessary before 
predator foraging success is reduced significantly. Both 
boulders and inundated vegetation should provide 
sufficiently dense cover to reduce predator foraging 
success. An increase in juvenile survival may be expected 
if these habitats are abundant along the shoreline. 
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APPENDICES 
Appendix A. Habitat Selection 
of Juvenile Rainbow Trout 
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Observations were taken in the littoral zone of Causey 
Reservoir and East Canyon Reservoir. Data was 
collected during the first five weeks after juvenile 
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Lg. Boulders 285 
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available Manly's Std . 
% alpha{a) error 
15.6 0.0988 0 .0058 
19.1 0.0677 0.0043 
31.4 0.1089 0.0049 
14.2 0.0162 0.0023 
9.1 0.1021 0.0072 
2.9 0.4627 0.0162 
7.8 0.1436 0.0090 
100. 0 1. 0000 
16.1 0.1778 0 .0119 
20.5 0.1776 0.0110 
30.4 0.2056 0.0108 
9.9 0.0604 0.0088 
9.2 0.0947 0.0111 
2.7 0 . 1699 0.0243 
11. 1 0.1140 0.0112 
100. 0 1. 0000 
48.6 0.0083 0.0285 
5.3 0.0062 0.3311 
13.4 0.1197 0.0071 
11.5 0.1451 0.0066 
10.3 0.2393 0.0042 
2.8 0.2989 0.0072 
8 . 1 0. 1827 0.0066 
100. 0 1. 0000 
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Trout Habitat 
observed available Manly's Std. 
# % % alpha(a) error 
-------------- ------------------------- ---- ---- ------ -
B) Night Sand 152 38.9 38.3 0.1595 0.0178 
Gravel 44 11.3 15.3 0. 1157 0.0185 
Cobble 107 27.4 22.5 0.1914 0.0224 
Bedrock 3 0.8 2.8 0.0433 0.0242 
Sm. Boulders 51 13.0 9.4 0 .2175 0. 0300 
Lg. Boulders 5 1. 3 1. 3 0 .1608 0. 0610 
Inund. Veget. 29 7.4 10.4 0 .1116 0.0208 
Total 391 100.0 100.0 1.0000 
Appendix B. Abundance of 
Juvenile Rainbow Trout 
Data represents the mean number of juvenile trout 
observed along shoreline transects. 
Reservoir Year Time period # juv. trout/m (SE) 
East Canyon 88 Day .53 
East Canyon 88 Night .57 
East Canyon 89 Day .43 (.226) 
East Canyon 89 Night .33 ( .112) 
Causey 88 Day .14 (. 091) 
Causey 88 Night . 71 (.205) 
Causey 89 Day 1. 20 (. 717) 
Causey 89 Night 1.11 (.293) 
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Appendix c. Daphnia in 
Causey Reservoir 
42 
The abundance, size, and biomass of Daphnia were 
estimated from vertical zooplankton tows (30-cm-
diameter, 153-µm mesh net) taken during 1988 and 1989. 
Sampling stations were along two transects, each from 
inshore to offshore areas. Juvenile trout were stocked 
near the north arm station. 
STAT. DEPTH Mean Biomass 
DEPTH RANGE Length % #IL >l mm 
DATE (m) (m) Repl. # I L (mm) >l mm >l mm (mg/m3 ) 
----------------------------------------------------------------
A) DAM SITE 
1988 
JULY 21 35.0 0 - 35 A 9.54 0.91 24.0 2.29 36.85 
B 8.33 0.97 26.0 2 .17 40.92 
AUG. 10 30.0 0 - 30 A 10.85 0.92 22.0 2.33 39.47 
B 12.31 0.91 20.0 2.46 40.44 
AUG. 24 29.0 0 - 29 A 14.64 0.93 18.0 2.64 55.99 
B 13.85 0.96 12.0 1.66 47.06 
1989 
MAY 15 1.5 0 - 1.5 A 0.34 1.05 41.8 0 .14 3.07 
B 0.33 1. 23 62.9 0.21 4.73 
C 0.28 1.12 46.0 0 .13 3.00 
5.0 0 - 5 A 0.04 0.98 30.6 0.01 0.30 
B 0.04 0.81 13.9 0.01 0 .12 
C 0.08 0.80 10.5 0.01 0.20 
10.0 0 - 5 A 0.10 0.89 22.1 0.02 0.43 
B 0 .13 0.89 20.5 0.03 0.69 
C 0.07 1.16 51. 9 0.04 0.92 
5 - 10 A 0.00 0.75 0.0 0.00 0.00 
B 0.03 0.75 0.0 0.00 0.00 
C 0.00 2.14 100.0 0.00 0.17 
38.0 0 - 5 A 0.36 0.79 10.4 0.04 0.42 
B 0.69 0.77 8.7 0.06 0.92 
C 0.89 0.84 16.6 0 .15 1.84 
5 - 10 A 0.03 0.72 0.0 0.00 0.00 
B 0.01 0.80 21.4 0.00 0.05 
C 0.02 0.98 20.0 0.00 0 .16 
10 - 35 A 0.03 1. 79 83.6 0.02 1. 15 
B 0.08 1. 75 81. 9 0.07 3.25 
C 0.05 1.83 88.9 0.05 2.22 
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STAT. DEPTH Mean Biomass 
DEPTH RANGE Length % #IL >l mm 
DATE (m) (m) Repl. # I L (mm) >l mm >l mm (mg/m3) 
--------- --- ------ ----------- -----------------------------------
MAY 26 40.0 0 - 5 A 3.21 1.03 43.2 1.39 21.66 
B 2.31 0.98 43.5 1.01 13 .02 
C 2.83 0 .88 21.4 0.60 6.88 
5 - 10 A 0.11 0.98 43.7 0.05 0.58 
B 0.03 0.96 49.4 0.02 0 .14 
C 0.06 0.99 35.1 0.02 0.33 
10 - 40 A 0.01 1.11 33.8 0.00 0 .12 
B 0.04 1.02 40.0 0.01 0.28 
C 0.02 1.07 38. 7 0.01 0.27 
MAY 31 39.0 0 - 5 A 9.73 0.95 34.6 3.37 43.33 
B 15.92 1.02 43.9 6. 99 102.38 
C 13.65 0.93 25.4 3.46 47.76 
5 - 10 A 1.07 1.12 70.0 0.75 1.88 
B 0.28 1.42 81.3 0.23 0.90 
C 0.26 1.50 85.1 0.22 0.94 
10 - 35 A 0.01 1. 22 46.0 0.01 0.22 
B 0.02 1.36 86.8 0.01 0 .34 
C 0.01 1.44 68.9 0.01 0.23 
JUNE 6 1.5 0 - 1.5 A 38.86 0.87 18.4 7 .14 64.07 
B 42.44 0.88 25.7 10.92 66. 90 
C 44.63 0.93 31.8 14 .18 124.11 
5.0 0 - 5 A 17.92 1.00 39.8 7 .14 81.49 
B 18.93 1.00 42.6 8.07 102.20 
C 13 . 16 1.00 45.9 6.04 70 . 10 
35.0 0 - 5 A 17.01 1.01 52.0 8.84 103.86 
B 21. 23 1.04 47.3 10.05 145. 16 
C 15.89 1.00 37.0 5.88 78.36 
5 - 10 A 10.64 1. 27 87.9 9.35 158 .18 
B 16.74 1.18 87.3 14.62 138.97 
C 8.43 1. 28 89.9 7.58 101.95 
10 - 35 A 0.05 1.40 92.8 0.05 1. 47 
JUNE 15 1. 5 0 - 1.5 A 17.66 0.89 24.4 4.30 43. 71 
B 15.51 0.91 27.3 4.24 36. 28 
C 13.73 0.87 22.5 3.08 25.95 
5.0 0 - 5 A 32.79 1.03 56.0 18.35 215. 78 
B 22.39 0.97 43.3 9.69 107.73 
C 22.93 1.01 47.3 10.85 135.88 
D 18.96 1.13 65. 5 12.42 174.64 
35.0 0 - 5 A 17.49 1.18 78.3 13. 70 204.43 
B 21. 90 1.07 47.5 10.40 161. 77 
C 13 .18 1.03 47.6 6.27 75 . 19 
5 - 10 A 10 .18 1.43 89.4 9 .10 205.28 
B 13 .24 1.37 83.2 11.01 244.63 
C 14.66 1.36 89.3 13.09 266.74 
10 - 35 A 0 . 14 1. 23 70.0 0. 10 1. 79 
0 - 35 A 4.85 1. 28 81.7 3.96 73.88 
JUNE 17 35.0 0 - 35 A 3.79 1.25 72. 1 2.73 54.04 
B 4.41 1.27 72.9 3.22 68.35 
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STAT. DEPTH Mean Biomass 
DEPTH RANGE Length % # I L >l mm 
DATE (m) (m) Repl. # I L (mm) >l mm >l mm (mg/m3) 
------- ----------- --------------------------------------------- -
JUNE 22 1. 5 0 - 1. 5 A 0.39 0.88 24.4 0.09 0.93 
B 0.69 0.87 16.4 0. 11 1.01 
C 0.24 0.84 12.0 0.03 0.23 
5.0 0 - 5 A 6.32 0.96 35.3 2.23 21. 79 
B 6.11 0.97 37.6 2.30 26.44 
C 6.59 0.98 45.8 3.01 30.06 
35.0 0 - 5 A 20.82 1.02 41.3 8.60 129.08 
B 20.88 1.07 57.3 11.97 158.00 
5 - 10 A 5. 14 1.20 61.8 3 .18 68.94 
B 3.06 1.16 52.2 1.60 37.04 
10 - 35 A 1. 91 1. 54 82.3 1. 57 48.44 
B 1.69 1.45 84.8 1.44 34.28 
0 - 35 A 10.48 1. 24 72.4 7.58 147.14 
B 7.22 1. 24 66.6 4.80 101. 53 
JULY 3 1. 5 0 - 1. 5 A 51. 50 0.87 15. 1 7.78 69.88 
B 45.55 0.89 20. 7 9.41 67.78 
C 51. 24 0.87 16.9 8 .64 86.10 
5.0 0 - 5 A 36. 50 0.92 27.8 10 .16 108.76 
B 39.97 0.92 26. 2 10.48 95.38 
C 45.99 0.92 22.4 10.31 113.95 
10.0 0 - 5 A 31. 92 0.92 21.4 6.84 82.00 
B 36.43 0.90 19.9 7. 26 98.09 
C 44.57 0.90 23.8 10.60 109.39 
5 - 10 A 19.24 1.09 48. 2 9.27 154.91 
B 16 .13 1.13 53.0 8.55 151.56 
C 28.85 1.14 61.3 17.69 290.23 
40.0 0 - 5 A 31.12 0.94 32.6 10 .14 139.27 
B 34.64 0.95 30.4 10. 53 136 . 18 
C 37.06 0 .95 35.1 13.01 155.85 
5 - 10 A 18.40 1.17 62.7 11.53 184.42 
B 27.84 1.13 56.2 15.66 259.63 
C 23.34 1. 22 72.6 16.94 288.02 
10 - 40 A 2 . 11 1.36 73.6 1.55 40.04 
B 2.66 1.19 61.3 1.63 30.22 
C 1. 31 1.19 62.4 0.82 15.20 
0 - 40 A 11.39 1.05 44.3 5.05 76.81 
B 9.81 1.02 34.0 3.34 63. 23 
JULY 18 1.5 0 - 1.5 A 15.66 0.91 21. 7 3.39 38.11 
B 16.22 0.95 34.9 5.66 62.02 
C 10.37 0. 92 23.6 2.45 30 .17 
5.0 0 - 5 A 21.49 1.15 57.0 12.26 214.56 
B 21.79 1.16 56.4 12.28 216.82 
C 19.52 1. 15 62.1 12.13 191. 44 
10.0 0 - 5 A 14.25 1.08 48.7 6.95 121. 83 
B 17.43 1.16 55.1 9.61 184.32 
C 24.62 1. 10 58. l 14.31 206.61 
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STAT. DEPTH Mean Biomass 
DEPTH RANGE Length % # I L >l mm 
DATE (m) (m) Repl. # I L (mm) >l mm >l mm (mg/m3) 
---- ------------------------------------------------------------
JULY 18 38.0 0 - 5 A 18.11 1.12 48.6 8.81 165.68 
(cont.) B 22.07 1.16 54.9 12.13 223.40 
C 23.48 1.08 43.2 10.13 189.12 
5 - 10 A 22.35 1.16 58.4 13.04 233.42 
B 22.64 1.18 61.3 13.87 259.46 
C 14.49 1.18 51. 9 7.52 156.20 
10 - 38 A 7.94 1.05 40.8 3.24 50.66 
0 - 38 A 14.18 1.18 62.5 8.86 159. 71 
B 14.59 1.15 54.2 7.91 152.34 
================================================================ 
B) NORTH ARM SITE 
1989 
MAY 26 1.5 0 - 1.5 A 16.00 0.80 9.4 1.51 25.99 
B 14 .18 0.74 0.9 0.13 1. 71 
C 14.78 0.81 10.2 1.51 30.00 
5.0 0 - 5 A 130.72 0.84 13.9 18. 11 262 .16 
B 129.02 0.86 17.2 22 .18 335.35 
10.0 0 - 5 A 85.96 0.81 11.1 9.58 184.22 
B 80.81 0.85 13 .2 10.69 251.11 
C 95.99 0. 77 7 .1 6.80 159. 78 
5 - 10 A 46 .13 0.86 12.9 5.95 137. 51 
B 35.66 0.93 26.4 9.41 164.79 
C 28.29 0.96 23.8 6.73 147.68 
MAY 31 1. 5 0 - 1.5 A 53.94 1.05 40.4 21. 79 452.55 
B 66.96 0.96 30.4 20.33 365.60 
C 64.96 0.97 33.2 21. 56 356.04 
5.0 0 - 5 A 80.81 0.92 20.9 16.86 364.83 
B 75.27 0.86 19.0 14.28 185.01 
C 77 .41 0.86 23.1 17.89 204.54 
10.0 0 - 5 A 73.94 0.78 5.4 3.98 49.79 
B 84.66 0.85 18.6 15. 71 266.81 
C 76.96 0.82 9.4 7.27 73.63 
5 - 10 A 8.15 0. 95 32.0 2.61 32.36 
B 12.33 1.00 31.8 3.93 79.08 
C 10.18 0.98 34.4 3.50 39.98 
JUNE 6 1.5 0 - 1. 5 A 61.00 0.86 18.8 11.44 106.23 
B 38.55 0.86 18.2 7.02 66.91 
C 31.47 0.88 18.9 5.95 61. 75 
5.0 0 - 5 A 32.26 0.93 24.9 8.03 117. 43 
B 37 .14 0.88 18.0 6.68 70.65 
C 40.06 0.93 27.7 11.09 138.65 
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STAT. DEPTH Mean Biomass 
DEPTH RANGE Length % #IL >l mm 
DATE (m) (m) Repl. # I L (mm) >l mm >l mm (mg/m3 ) 
------- ---------------------------------------------------------
10.0 0 - 5 A 38.96 1.00 43.3 16.87 240.51 
B 32.80 1.00 36.7 12.05 171. 90 
C 39.04 1.00 29.8 11.62 220.59 
5 - 10 A 2.72 1.01 39.8 1.08 14.03 
B 2.97 0.93 24.8 0.74 8.17 
C 4.75 1.02 33.2 1. 58 26.79 
JUNE 15 1.5 0 - 1.5 A 13.74 1.00 55.9 7.68 75.20 
B 6.01 1.04 60.8 3.65 38.37 
5.0 0 - 5 A 12.43 1.19 77.8 9.66 137.50 
B 16.69 1.13 72.6 12.12 160. 14 
C 8.74 1.00 47.4 4 .14 45.84 
10.0 0 - 5 A 12.45 1.16 67.0 8.34 135. 53 
B 28.08 1.07 64.5 18.11 198.33 
C 17.99 1.02 50.0 8.99 106.75 
5 - 10 A 2.96 1. 32 80.9 2.39 50.61 
B 3.55 1.40 86.3 3.07 71. 56 
C 1. 95 1.36 82.9 1.62 35.28 
JULY 18 1.5 0 - 1. 5 A 0.62 0.74 7.6 0 .05 0.59 
B 1.81 0.85 14.4 0.26 3.07 
10.0 0 - 5 A 13.87 1.11 73.9 10.24 118. 59 
B 7.61 0.98 36.0 2.74 35.60 
C 9.97 1.01 50.8 5.07 51. 22 
5 - 10 A 10.12 0.94 24.2 2.44 33.33 
B 9.03 1.02 43.0 3.88 51. 21 
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Appendix D. Daphnia in 
East Canyon Reservoir 
The abundance, size, and biomass of Daphnia were 
estimated from vertical zooplankton tows (30-cm-
diameter, 153-µm mesh net) taken during 1989. Sampling 
stations were along a transects from inshore near the 
stocking site to offshore areas. 
STAT. DEPTH Mean Biomass 
DEPTH RANGE Length % # I L >l mm 
DATE (m) (m) Repl. # I L (mm) >l mm >l mm (mg/m3 ) 
-----------------------------------------------------------------
MAY 3 1.5 0 - 1.5 A 0.66 0.86 13.6 0.09 0.76 
B 1.17 0.84 16.1 0.19 1. 34 
5.0 0 - 5 A 1. 74 1.06 57.4 1.00 13.47 
B 1.37 1.04 43.1 0.59 9.01 
40.0 0 - 5 A 5.39 1. 27 66.9 3.61 83.99 
B 7.90 1.33 71.6 5.66 129.55 
5 - 10 A 0.66 1. 28 51. 9 0.34 12.09 
B 0 .18 1.11 33.3 0.06 2.45 
10 - 40 A 0.32 1.22 56.9 0 .18 4.33 
B 0. 23 1.35 60.9 0.14 4.83 
MAY 11 1.5 0 - 1.5 A 10.30 1.00 51.8 5.34 42.99 
B 4.88 0.95 23.6 1. 15 9.18 
C 4.37 0.94 17.9 0.78 9.67 
5.0 0 - 5 A 18.46 1.04 58.4 10.78 101. 55 
B 12.87 1.01 30.8 3.96 44 .13 
C 10.29 0.98 45.0 4.63 39.78 
10.0 0 - 5 A 27 .16 1.04 46.8 12.70 109.41 
B 18.32 1.05 47.1 8.62 99.21 
C 32.93 1.01 42.4 13.95 129.02 
5 - 10 A 4.48 1.19 84.1 3.77 44.93 
B 2.44 1.18 79.2 1. 93 25.81 
C 1.81 1. 27 74.6 1.35 28.80 
40.0 0 - 5 A 17.31 1.12 71.4 12.36 145.04 
B 28.52 1.12 78.3 22.33 263.54 
C 22.35 1.31 92.4 20.66 384.14 
5 - 10 A 8.54 1.42 86.2 7.36 203.27 
B 3.06 1.38 84.8 2.59 66.91 
10 - 40 A 1.48 1. 53 93.6 1.39 39.19 
B 1.33 1.44 95.6 1.27 29.00 
C 1. 28 1.43 93.0 1.19 26.00 
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STAT. DEPTH Mean Biomass 
DEPTH RANGE Length % # I L >l mm 
DATE (m) (m) Repl. # I L (mm) >l mm >l mm (mg/m3 ) 
------ -------------- -------------------------------------- -------
MAY 24 1.5 0 - 1.5 A 9.62 1. 21 84.1 8.09 109.54 
B 13.03 1.15 83.9 10.94 122.79 
C 16.97 1.18 85.1 14.44 175.27 
5.0 0 - 5 A 37.34 1.19 89.2 33.30 391. 98 
B 44.48 1. 22 91. 7 40. 77 550.45 
C 46.85 1.26 90.9 42.60 644 .10 
10.0 0 - 5 A 31. 57 1.22 87.1 27.50 400.89 
B 29.99 1. 24 87.9 26.37 386.27 
C 32.26 1. 25 90.4 29.16 462.96 
5 - 10 A 7.21 1. 28 98. l 7.07 105.45 
B 20.09 1. 31 98.6 19.81 319.54 
C 16.97 1. 28 90.3 15.33 259. 72 
40.0 0 - 5 A 35.76 1. 54 96.3 34.45 976.47 
B 25.86 1. 25 80.6 20.86 338.21 
C 33.09 1. 32 87.2 28.86 535.57 
5 - 10 A 11.60 1. 20 86.0 9.98 133.75 
B 15.14 1. 33 90.8 13. 74 273.35 
C 18 .10 1. 24 93.8 16.97 235.40 
10 - 40 A 5.26 1. 20 92.7 4.88 61. 91 
B 1.08 1. 21 93.8 1.01 13.37 
C 1. 98 1.27 100.0 1. 98 28. 77 
MAY 30 1.5 0 - 1.5 A 23. 77 1.34 93.0 22 .11 369.48 
B 16.75 1.47 93.7 15.69 362.52 
C 17. 20 1.44 93.0 16.00 329 .14 
5.0 0 - 5 A 26.48 1. 31 84.5 22.37 394.45 
B 26.47 1. 28 92. 1 24.37 360.15 
C 24.33 1. 27 90.0 21. 90 326.97 
10.0 0 - 5 A 35.65 1.40 96.4 34.38 679.37 
B 41. 42 1.45 91.8 38.01 931. 05 
C 33.61 1.33 92.4 31.04 527.68 
5 - 10 A 25.47 1. 23 89.6 22.81 307.43 
B 38.48 1.32 92.9 35. 75 596.69 
C 26.49 1. 28 93.0 24.63 380.55 
44.0 0 - 5 A 31. 92 1.31 89.0 28.42 501.88 
B 28. 52 1. 29 90.0 25.67 435.26 
C 33.67 1.31 93.3 31. 41 516.66 
5 - 10 A 31. 24 1.37 87.1 27.20 578. 77 
B 18.68 1.38 85.6 15.99 364.00 
C 29 .15 1.37 91. 5 26.67 522.53 
10 - 44 A 1. 42 1.20 81.3 1. 15 15.22 
10 - 40 B 1. 90 1.31 95.0 1.81 29.04 
JUNE 9 1.5 0 - 1.5 A 14.63 1. 20 93.0 13.60 160.20 
B 11.07 1. 25 96.8 10.72 140.74 
5.0 0 - 5 A 20.66 1.28 95.9 19.81 280.89 
B 13.02 1. 28 93.5 12.18 178.73 
40.0 0 - 5 A 15.84 1. 28 90.4 14.32 225.50 
B 8.15 1. 26 77 .4 6.30 104.00 
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STAT. DEPTH Mean Biomass 
DEPTH RANGE Length % # I L >l mm 
DATE (m) (m) Repl. # I L (mm) >l mm >l mm (mg/m3 ) 
--------- ----- --------------------- --------------------- -------- -
JULY 3 1. 5 0 - 1.5 A 21.83 1.07 73.1 15.97 150.22 
B 36.97 1.05 74.1 27.39 226.97 
C 25.27 1.08 75.4 19.05 177. 55 
5.0 0 - 5 A 20.59 1.15 80.0 16.48 186 .13 
B 19.24 1.13 84.7 16.30 177. 22 
C 26.26 1. 21 83.6 21. 95 294.36 
10.0 0 - 5 A 24.62 1. 23 82.2 20.24 302.26 
B 32.19 1.28 84.6 27.24 483.89 
C 47.75 1.27 85.2 40.66 685.71 
5 - 10 A 8.71 1. 54 94.8 8.26 223.97 
B 9 .17 1. 54 91.0 8.35 236.09 
C 9.05 1.44 91.4 8.27 192.80 
47.0 0 - 5 A 38.37 1.32 85.2 32.68 643.54 
B 26.31 1.30 87.4 22.98 390.30 
C 30.56 1.39 90.0 27.50 607.69 
5 - 10 A 9.75 1. 50 91.8 8.95 245.96 
B 12.00 1.48 93.7 11.24 277 .13 
C 8.96 1.43 92.9 8.32 189.72 
10 - 40 A 1. 26 1.35 93.5 1.18 21. 42 
B 1.17 1.32 84.5 0.99 17.56 
C 1.02 1.35 96.0 0.98 16.69 
0 - 40 A 6.51 1. 28 84.8 5.52 97.86 
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Appendix E. Diel Feeding of 
Juvenile Rainbow Trout 
Juvenile trout were collected in East Canyon Reservoir 
and Causey Reservoir. I) gut-fullness index (GFI) and 
weight of stomach contents; II) lengths of Daphnia in 
juvenile trout stomachs. 
I) . mean wt. 
mean stomach 
# of SL std. contents std. mean std. 
Date Time trout (mm) error (mg) error GFI error 
-- ------- ------ ---- ------- ----------------------------- ---- ---- --------
CAUSEY RESERVOIR 
May 25-26,89 
1630 9 92.4 1.68 38.63 8.68 3.728 0 . 703 
1900 10 81. 5 2.94 37.93 3 .91 5.667 0. 515 
2200 10 73 .1 1.84 18.52 2.28 3.869 0.357 
0059 11 76.6 1.56 19.11 2.65 3.432 0.434 
0430 9 69.2 2.13 7.7 1. 73 1.856 0.322 
0745 12 74.8 1.36 9.27 3.87 1.65 0.679 
1000 12 76 0.92 13.83 1.67 2. 567 0. 277 
1310 12 75.3 1.54 16.84 2.93 3.092 0.435 
1620 11 76.2 2.32 23. 51 3.81 3 . 749 0.451 
June 7-8 ,89 
1240 12 98.3 2.39 37.37 3. 73 3 . 23 0.375 
1550 12 94.6 4.64 44.09 8.88 3.678 0.462 
1900 7 100 2.43 67.39 8.76 5.457 0.683 
2145 12 84. 1 2.89 29 . 18 6.85 3.399 0. 519 
0115 10 83. 2 3.24 13.81 3.63 1.642 0.33 
0530 12 82.8 3.07 1. 55 0. 48 0.236 0.063 
0820 11 86.7 3. 18 10.43 1. 57 1.508 0.315 
1102 11 86.3 4. 78 25.3 3.69 3.505 0.524 
1340 12 85.2 3. 77 30.46 5.55 3 . 716 0.49 
EAST CANYON RESERVOIR 
May 9-10,89 
1210 12 67.2 2.44 10.63 2.41 2.738 0. 562 
1440 10 65. 9 1. 71 7.59 1. 52 2.095 0.328 
1810 10 71. 4 3.25 29.06 5.05 5.843 0.526 
2105 10 71.8 3 .15 35.13 6. 11 6.963 0. 797 
0010 10 75.6 1.18 35.86 4.13 6.713 0.692 
0305 10 73.2 1.87 25.34 3.94 5.346 0.866 
0610 15 75.1 1.47 20.11 2.57 3.934 0.497 
0915 10 72.4 2.33 19.53 4.52 3.835 0.554 




# of SL std. contents std. mean std. 
Date Time trout (mm) error (mg) error G. F. I. error 
------- ---------------------------------------------------------------
May 18- 10,89 
1500 10 77 .4 1.89 25.22 3.87 4.189 0.443 
1800 10 77 .3 2.76 20.16 3.3 3.407 0.498 
2111 9 76.2 1. 71 18.99 4.54 3.298 0.65 
2355 9 74.7 3.57 16.24 5.67 2.706 0.708 
0505 10 81. 7 2.16 5.92 1.54 0.913 0.283 
0715 10 68.8 1. 9 18.25 3.82 4.494 0.782 
0910 10 74 1.92 25.07 2.98 4.927 0.48 
1200 9 79.4 1. 93 24.07 3 . 18 3.789 0.331 
1440 10 76.6 1.38 15.97 2.41 2.99 0. 519 
I I) . DaQhnia 
# of mean 
# of DaQhnia length std . 
Date Time trout measured (mm) error 
--- -- --------- ----- ------ ----- --- -- --- -------- --- ---
CAUSEY RESERVOIR 
May 25-26,89 
1630 4 40 2.086 0.045 
1900 3 30 1.997 0.053 
2200 3 30 1.871 0.064 
0059 4 40 2.025 0.048 
0430 4 21 1.815 0.058 
0745 4 22 1.644 0. 126 
1000 4 40 1. 907 0.053 
1310 4 40 1.896 0.048 
1620 4 40 2.004 0.037 
June 7-8,89 
1240 4 40 2.094 0.032 
1550 4 40 1.899 0.049 
1900 2 20 1. 948 0.071 
2145 4 40 1.666 0.077 
0115 4 33 1. 752 0.095 
0530 4 1 1.02 
0820 4 40 1.704 0.045 
1102 3 30 1.61 0.068 
1340 4 40 1.57 0.059 
Daphnia 
52 
# of mean 
# of Daghnia length std. 
Date Time trout measured (mm) error 
--------- -------------------------------------------
EAST CANYON RESERVOIR 
May 9-10,89 
1210 4 40 1. 416 0.062 
1440 3 30 0.962 0.026 
1810 4 40 2 .182 0.063 
2105 3 30 2 .171 0.061 
0010 3 30 2.202 0.036 
0305 4 40 2. 265 0.036 
0610 5 50 2. 181 0.03 
0915 3 30 1.677 0.084 
1240 5 50 1. 58 0.088 
May 18-10,89 
1500 3 30 1.677 0.086 
1800 4 40 1. 744 0.073 
2111 3 30 1.197 0.045 
2355 3 30 1. 601 0.075 
0505 4 38 1.676 0.063 
0715 3 30 1.682 0.086 
0910 3 30 1.274 0.062 
1200 4 40 1.562 0.071 
1440 3 30 1.837 0.074 
Appendix F. Limnological 
Measurements 
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Limnological measurements included temperature 
profiles, Secchi depths, and chlorophyll Q 
measurements. In East Canyon Reservoir, data was 
collected at one offshore station, 150 m south of the 
dam. In Causey Reservoir, temperature profiles were 
collected offshore from the dam. Secchi depths and 
chlorophyll Q measurements were collected at two 
samples locations, 1) offshore from the dam and 2) in 
the north arm, offshore from the stocking site. 
I) TEMPERATURE PROFILES (OC) 
A) Causey Reservoir 
DATE 
DEPTH JUNE 9 JUNE 22 JULY 1 JULY 8 JULY 12 JULY 21 JULY 27 
(m) 1988 1988 1988 1988 1988 1988 1988 
--------- --------------------------------------------------------
0.0 15.6 22.1 19.7 20.8 20.6 21. 2 21. 80 
1.0 15.3 21.8 19.8 20.6 20.6 20.5 21. 60 
2.0 15.2 18.5 19.8 20.0 20.5 20.3 20.90 
4.0 12.2 16.4 18.5 18.7 18.7 19.8 19. 70 
6 .0 10.5 14.5 16.8 17.3 17.7 18 .1 18.50 
8.0 9.4 13.0 15.3 16.2 16.7 16.9 17.40 
10.0 8.5 10.7 13.6 15.4 15.7 16.2 16.70 
12.0 7.7 9.7 12. 1 13.9 15.0 15.8 16.20 
14.0 7.4 8.9 10.7 12.9 13.9 15.3 15.70 
16.0 7.0 8.3 9.9 12.0 13.1 15.0 15.40 
18.0 6.9 7.8 9 . 1 11.1 12.2 14.5 15.00 
20.0 6.6 7.5 8.8 10.3 11. 4 13.4 10.20 
25.0 6 .1 6.9 6.7 6.0 6.7 7.8 5.90 
30.0 5.3 5.3 5.3 5.3 5.4 5.5 5.50 
35.0 5.0 5.0 5 .1 5 .1 5.2 5.0 5.10 
40.0 4.8 4.8 4.9 4.9 4.9 5 .1 5 .10 
45.0 4.7 4.8 4.9 4.9 
50.0 4.7 4.8 
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DEPTH MAY 25 MAY 31 JUNE 8 JUNE 22 JULY 3 JULY 18 
(m) 1989 1989 1989 1989 1989 1989 
--------- ------------------------------------------------
0.0 11. 2 11. 7 14.0 15.5 18.3 20.4 
1.0 11.1 11.6 14.4 15.0 17.6 19.6 
2.0 11.0 11. 4 14.0 14.8 17.1 19.2 
4.0 9.9 10.3 10.6 13. 7 16.1 18.0 
6.0 8.2 9.4 9.4 11. 9 13.6 16.3 
8.0 7.5 8.4 9.0 11.1 12.4 15.1 
10.0 7.5 8.0 8.5 9.8 11.4 14.3 
12.0 7.3 7.6 8.1 8.8 10.5 13.4 
14.0 7.3 7.4 7.8 8.4 9.5 12.2 
16.0 7.2 7.3 7.7 8.0 8.8 11.6 
18.0 7.2 7.2 7.7 7.0 8.4 11.1 
20.0 7.2 7.3 7.7 7.0 8.0 10.6 
25.0 7 .1 7.2 7.3 7.5 8.9 
30.0 6.8 6.4 6.6 6.7 6.6 
35.0 4.8 5.2 5.8 5.9 5.5 
40.0 4.7 
B) East Canyon Reservoir 
DATE 
DEPTH JULY 21 MAY 9 MAY 16 JULY 3 
(M) 1988 1989 1989 1989 
--------- ----------------------------------------
0.0 22.0 14.6 13.9 19.3 
1.0 21.8 14.4 13.0 18.9 
2.0 20.9 13.9 12.6 18.2 
4.0 20.5 12.7 12.4 17.8 
6.0 19.6 10.2 12.3 17.2 
8.0 14.7 9.0 10.6 15.5 
10.0 10.4 7.4 7.8 11.8 
12.0 7.8 6.2 6.5 9.3 
14.0 6.7 5.2 5.3 7.3 
16.0 6.3 4.4 4.9 5.6 
18.0 6.0 4 .1 4.2 5.2 
20.0 5.6 3.7 3.9 4.9 
25.0 5 .1 3.4 3.6 4.4 
30.0 4.4 3.2 3.3 4.1 
35.0 4.0 2.9 2.9 3.6 
40.0 2.9 2.8 3.3 
45.0 
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II) Secchi depths and chlorophyll~ 
A) Causey Reservoir 
Dam North Dam North 
Site Arm Site Arm 
SECCHI SECCHI CHLa CHLa 
Date (m) (m) (mg/m3 ) (mg/m3 ) 
------------ --------------------------------
JUNE 9,1988 6.2 
JUNE 22,1988 3 .1 
JULY 1, 1988 4.8 
JULY 12, 1988 4.7 
JULY 21, 1988 3.9 14.00 
JULY 27, 1988 2.7 
------------ --------------------------------
MAY 15, 1989 1. 3 1.3 1.68 
MAY 20, 1989 2.2 
MAY 25, 1989 3.4 
MAY 26, 1989 6.2 4. 77 3.52 
MAY 31, 1989 3.4 7.3 
JUNE 8, 1989 5.9 
JUNE 15, 1989 3.0 5.9 9.99 5.45 
JUNE 22, 1989 4.7 5.39 
JULY 13, 1989 5.2 2.24 
JULY 18, 1989 4.7 4.9 3.00 
B) East Canyon Reservoir 
SECCHI CHLa 
Date (m) (mg/m3) 
------------ ----------------
MAY 25, 1988 5.0 
JULY 21, 1988 3.5 3.8 
------------ ----------------
MAY 9, 1989 3.3 
MAY 11, 1989 8.7 1.4 
MAY 16, 1989 8.7 
MAY 24, 1989 6.3 0.5 
JUNE 9, 1989 3.9 
JULY 3, 1989 5.6 2.5 
Appendix G. Abundance of 
Piscivores 
I). Piscivorous Fish 
A). East Canyon Reservoir 
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No population estimates of fish piscivores were done 
during 1988 and 1989. Routine gill net sampling 
by the Utah Division of Wildlife Resources 
indicated cutthroat and rainbow trout were common 
and large enough to prey on juvenile rainbow 
trout. Prior sampling (1986, 1987) indicated 
large brown trout were present, but occurred in 
low numbers. 
B). Causey Reservoir 
During the spring of 1988 and 1989, I used a "plant-
recapture" method for population estimation. Two 
thousand 150 g rainbow trout were stocked each 
year to serve as the "marked" population. After 
one to three days, gill nets were randomly set to 
determine the proportion of marked trout to 













In 1988 and 1989, the mean length of cutthroat trout 
were estimated to be 232 mm SL (201 g) and 270 mm SL 
(319 g), respectively. The Utah Division of Wildlife 
Resources stocked 25,000 25-g cutthroat trout in 1987 
(no cutthroat trout were stocked in 1988 and 1989). 
The population estimates indicated that a substantial 
population of cutthroat trout was present and that they 
attained piscivorous size between July, 1988 and May, 
1989. 
II). Piscivorous birds 
A) East Canyon Reservoir bird counts; counts were done 
in the north portion of the reservoir, near the 
stocking site: 
20 May 88 45 Forster's tern; 70 western grebe 
11 May 89 25 Forster's tern; 77 western grebe 
9 June 89 4 Forster's tern; 73 western grebe 
B) Causey Reservoir bird counts; counts were done over 
the entire reservoir: 
16 June 88 
6 June 89 
20 June 89 
4 belted kingfisher; 1 western grebe 
1 belted kingfisher; 2 common merganser 
1 caspian tern; 2 common merganser 
Appendix H. Weights of Fish 
in the Pond Experiment 
A) Juvenile rainbow trout 
Initial 
Weight (g) 





1 N y 3.86 .119 6.23 .198 
2 y y 4.34 .110 7.60 .202 
3 N N 4.44 .137 9.32 .309 
4 y N 4.27 .132 9.06 .336 
5 y y 4.04 .128 7.80 .242 
6 y N 4 .12 .131 8.66 .219 
7 N N 4.32 .138 8.60 .296 
8 N y 4.30 .140 8.32 .204 
B) Adult brown trout, individual weights (kg) 
Section# 
Fish 1 2 5 8 
--------------------------------------------------------
1 0.41 0.45 0.44 0.45 
2 0.50 0.50 0.64 0.50 
3 0.50 0.55 0.64 0.55 
4 0.61 0.64 0.70 0.64 
5 0.64 0.68 0.86 0.82 
6 0.82 0.86 0.89 0.89 
7 1.00 0.95 0.91 1.00 
8 1.14 1.00 1.00 1.14 
9 1.18 1.09 1.09 1.16 
10 1. 23 1. 20 1.09 1. 27 
11 1.36 1.68 1.41 1.50 
---------------------------------------------------------
Total wt. ( kg) 9.39 9.61 9.68 9.89 
Mean wt. ( kg) 0.85 0.87 0.88 0.90 
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Appendix I. Laboratory 
Predation Experiment 
METHODS 
A laboratory predation experiment was conducted in a 
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4.6-m 2 , 0.4-m-deep circular wading pool. The bottom was 
painted dark brown and the sides were left as light blue. 
Seven stacked cinder blocks were used as cover. Total area 
of cover represented approximately 10% of the total pool 
area. The pool was divided in half with small mesh netting. 
Eighteen to twenty juvenile rainbow trout (ca. 5.5 g) were 
placed in one half of the pool and allowed to acclimate to 
pool conditions for two days before the predator was 
stocked. Juvenile trout were fed frozen brine shrimp three 
times each day from a feeder at the center of the pool. One 
adult brown trout (320 mm SL} was used throughout the 
experiment. The brown trout was placed in the other half of 
the pool and allowed to acclimate to pool conditions for one 
day. The divider was removed at night to minimize 
disturbance to the fish. Observations of predator and prey 
were done from behind a plastic divider during the day. 
Night observations were done with red light to minimize 
disturbance. The adult brown trout and juvenile trout were 
together for two days. The brown trout was then removed, 
the pool drained, and remaining juvenile trout counted. 
Five trials were conducted, two with cover and three without 
cover. The experimental trials were carried out during a 
two month period (December 1989 to February 1990). 
RESULTS AND DISCUSSION 














Results of the laboratory experiment were consistent 
with the pond experiment. The presence of cover in the pool 
enabled juvenile trout to reduce risk to predation. The 
brown trout was largely inactive throughout the day, with 
increased swimming at dusk and night. Juvenile rainbow 
trout did not appear to increase their use of cover during 
the day, without or with the brown trout present. At night, 
few juvenile trout were observed away from cover when the 
brown trout was present. I also conducted one preliminary 
trial with a rainbow trout predator. This predator was 
active during the day and inactive at night. In this trial, 
juvenile trout used cover extensively during the day and 
were in exposed areas at night. My results suggest that 
juvenile rainbow trout can effectively use cover to avoid 
predators and juvenile trout move to cover only when 
predators are active. 
